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Abstract: The antioxidant properties of the methanol extracts of 10 medicinal plants were evaluated with the DPPH (1,1-diphenyl2-picryl hydrazyl) test, hydroxyl scavenging test, and lipid peroxidation assay. The methanol extract of Emblica officinalis was the
most active according to the DPPH test, with an IC50 value of 7.92 ± 0.1 μg/ml, followed by Asparagus racemosus, with an IC50
value of 9.28 ± 0.2 μg/ml. The minimum free radical scavenging activity was shown by Zingiber officinale, with an IC50 value of
44.48 ± 1.8 μg/ml. The hydroxyl radical scavenging activity of the methanolic extracts of various plants was as follows: Asparagus
racemosus > Terminalia chebula > Emblica officinalis > Centella asiatica > Withania somnifera > Terminalia bellerica > Glycyrrhiza
glabra > Evolvulus alsinoides > Zingiber officinale > Andrographis paniculata. According to the lipid peroxidation assay the extracts
of Emblica officinalis and Evolvulus alsinoides showed the greatest effectiveness, with inhibition values of 39.14 ± 2.1% and 36.38
± 1.3%, respectively, at the 100-μg/m concentration (P < 0.05). Results of the present study suggest that all the tested plant
materials had moderate to potent antioxidant activity.
Key Words: Antioxidants, DPPH assay, lipid peroxidation assay, medicinal plants

Bazı Tıbbi Bitkilerin Antioksidant Aktiviteleri
Özet: DPPH (1,1-difenil-2-pikril hidrazil) testi, hidroksil süpürücü test ve lipid peroksidasyon testi ile 10 farklı bitkinin antioksidant
aktiviteleri incelenmiştir. Emblica officinalis bitkisinin metanol özütü DPPH denemsinde IC50 7,92 ± 0,1 μg/ml ile çok aktif
bulunmuştur. Bu bitkiyi, IC50 değeri 9,28 ± 0,2 μg/ml ile Asparagus racemosus takip etmiştir. En az serbest radikal süpürücü etkiyi
IC50 değeri 44,48 ± 1,8 μg/ml ile Zingiber officinale bitkisi göstermiştir. Metanolik özütün hidroksil süpürücü etkisine gore bitkiler
Asparagus racemosus > Terminalia chebula > Emblica officinalis > Centella asiatica > Withania somnifera > Terminalia bellerica >
Glycyrrhiza glabra > Evolvulus alsinoides > Zingiber officinale > Andrographis paniculata şeklinde sıralanmıştır. Lipit peraksidasyon
denemesinde Emblica officinalis ve Evolvulus alsinoides en yüksek etkiyi göstermiştir. İnhibisyon değerleri 100 μg/ml
konsantrasyonda 39,14 ± 2,1% ve 36,38 ± 1,3% şeklinde hesaplanmıştır (P < 0,05). Bu çalışma ile denenen bütün bitkilerin orta
derecede antioksidant aktiviteye sahip olduğu gözlenmiştir.
Anahtar Sözcükler: Antioksidant, DPPH testi, lipit peroksidasyon denemesi, tıbbi bitki

Introduction
The role of free radical reactions in disease pathology is
well established, suggesting that these reactions are
necessary for normal metabolism, but that they can be
detrimental to aerobic life as well. Free radical reactions
are involved in arteriosclerosis, ischemic heart disease,
ageing, inflammation, diabetes, immunosuppression,
neurodegenerative diseases, and many other diseases (1).
During metabolism, oxygen consumption results in the
constant generation of free radicals and reactive oxygen
species. Antioxidant-based drugs/formulations for the

prevention and treatment of complex diseases like
arteriosclerosis, stroke, diabetes, Alzheimer’s disease, and
cancer, have been developed during the last 3 decades (2).
The majority of active antioxidant compounds are
flavonoids, isoflavones, flavones, anthocyanins,
coumarins, lignans, catechins, and isocatechins. In
addition to the above compounds, which are found in
natural foods, vitamins C and E, β-carotene, and αtocopherol are known to possess antioxidant potential (36). A direct relationship between antioxidant activity and
phenolic content of plant extracts has been reported (7).
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Consequently, the antioxidant potential of 10
medicinal plants, Asparagus racemosus, Andrographis
paniculata, Centella asiatica, Evolvulus alsinoides, Emblica
officinalis, Glycyrrhiza glabra, Terminalia bellerica,
Terminalia chebula, Withania somnifera, Zingiber
officinale, was evaluated. These plants are used in Asian
countries for treating various diseases in which free
radicals are thought to be involved. Extracts of these
plants were evaluated with the DPPH (1,1-diphenyl-2picryl hydrazyl) test, hydroxyl scavenging test, and lipid
peroxidation assay.

Material and Methods
Plant Material
Plant material was purchased from a local market in
Sagar (M.P.), India. The voucher herbarium specimen
numbers of the selected plants are: Asparagus racemosus
Willd. (2222), Andrographis paniculata Nees. (1650),
Centella asiatica L. (428), Evolvulus alsinoides Wall.
(2781), Emblica officinalis Gaerth. (2060), Glycyrrhiza
glabra L. (1632), Terminalia belerica Roxb. (427),
Terminalia chebula Retz. (458), Withania somnifera
Dunel. (1492), and Zingiber officinale L. (2269). All the
plant materials were authenticated by Prof. A.K. Kandaya
of the Department of Botany, Dr. H.S. Gour University,
Sagar (M.P.), India.
Preparation of Extracts
Coarse powder (500 g) of each drug was extracted
separately with 2 l of petroleum ether for 24 h and was
then filtered. The marc obtained above was further
extracted with methanol (60 °C) for 24 h and was then
filtered to yield extract. The extract was concentrated.
DPPH Free Radical Scavenging Activity
DPPH is a purple, stable free radical that reduces to
the yellow diphenyl picryl hydrazine. A methanol-DPPH
solution (0.15%) was mixed with serial dilutions (1-50
mg/ml) of extract and shaken vigorously. The tubes were
allowed to stand at 27 °C for 15 min. The change in
absorbance of the samples was measured at 517 nm and
converted to the percentage of antioxidant activity (AA%)
using the following formula:
AA% = 100 – [(Abs sample – Abs blank) 100]/Abs
control. Methanol (1.0 ml) plus extract solution (2.5 ml)
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was used as the blank, 1 ml of 0.3 mM DPPH plus
methanol (2.5 ml) was used as the negative control, and
a solution of ascorbic acid served as the positive control
(8).
Hydroxyl Radical Scavenging Activity
Hydroxyl radical scavenging activity was determined
according to the method reported by Klein et al. (9).
Various concentrations (5, 10, 20, 40, 60, 80, and 100
mg/ml in methanol) of each extract were placed in
different test tubes and evaporated to dryness. Then, 1
ml of iron-EDTA solution (0.13% ferrous ammonium
sulfate and 0.26% EDTA), 0.5 ml of EDTA (0.018%) and
1 ml of DMSO (0.85% v/v in 0.1 M phosphate buffer, pH
7.4) were added to each tube, and the reaction was
initiated by adding 0.5 ml of 0.22% ascorbic acid. The
test tubes were tightly capped and heated in a water bath
(80-90 °C) for 15 min. The reaction was terminated by
the addition of 1 ml of ice-cold TCA (17.5% w/v). Next,
3 ml of Nash reagent (75.0 g of ammonium acetate, 3 ml
of glacial acetic acid, and 2 ml of acetyl acetone were
mixed and made up to 1 l with distilled water) was added
to all of the tubes and left at room temperature for 15
min for color development.
The intensity of the yellow color formed was
measured spectrophotometrically at 412 nm and
converted to AA% using the formula:
AA% = 100 – [(Abs sample – Abs blank) 100]/Abs
control. Methanol (1.0 ml) plus extract solution (2.5 ml)
was used as the blank, 1 ml of 0.3 mM DPPH plus
methanol (2.5 ml) was used as the negative control, and
a solution of ascorbic acid served as the positive control
(9).
Lipid Peroxidation by Thiobarbituric Acid (TBA)
Assay
TBA reacts with malondialdehyde (MDA) to form a
diadduct, a pink chromogen, which can be detected
spectrophotometrically at 532 nm. Normal albino Wistar
rats were used for the preparation of liver homogenate.
Perfused livers were isolated and 10% w/v homogenate
was prepared with 0.15 M KCl. The homogenate was
centrifuged at 1000 g for 15 min and the clear, cell-free
supernatant obtained was used to study in vitro lipid
peroxidation. Different concentrations (5, 10, 20, 40, 60,
80, and 100 mg/ml in methanol) of each extract were
placed in test tubes and evaporated to dryness. Then, 1
ml of 0.15 M KCl and 0.5 ml of rat liver homogenate
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were added to the test tubes. Peroxidation was initiated
using 100 ml of 0.2 mM ferric chloride. After incubation
at 37 °C for 30 min the reaction was terminated by
adding 2 ml of ice-cold HCl (0.25 M) containing 15%
trichloroacetic acid (TCA), 0.38% TBA, and 0.5%
butylated hydroxytoluene (BHT). The reaction mixtures
were heated at 80 °C for 60 min. The samples were
cooled and centrifuged, and the absorbance of the
supernatant was measured at 532 nm. An identical
experiment was performed to determine the amount of
lipid peroxidation obtained in the presence of inducing
agents, without any extract (10). The ability of the
extracts to inhibit MDA-TBA adduct formation was
calculated using the following equation:
AUC control – AUC test
% Inhibition =

100
AUC control

where AUC is the area (mm2) under the curve, which was
calculated from plotting the rat liver homogenate volume
(ml) on the X-axis against the absorbance on the Y-axis.
The AUC test and AUC control were calculated with and
without adding plant extract to the homogenate.
Statistical Analysis
All the values are expressed as a mean ± SEM and oneway ANOVA using Dunnet’s test was performed.

Results
Three in vitro tests for antioxidant activity, the DPPH
radical scavenging test, hydroxyl scavenging test, and lipid

peroxidation assay, were used to assess the antioxidant
properties of the methanol extracts of 10 medicinal plants
(Table 1). Together, all 3 tests provide a better
assessment of antioxidant properties than separately.
In the DPPH test, vitamin C was used as a standard
and its IC50 value was 3.46 ± 1.21 mg/ml, which is
comparable to the reported value (11). The DPPH radical
scavenging potential of the MeOH extracts at different
concentrations was as follows: Emblica officinalis >
Asparagus racemosus > Withania somnifera> Evolvulus
alsinoides > Terminalia chebula > Centella asiatica >
Terminalia bellerica > Andrographis paniculata >
Glycyrrhiza glabra > Zingiber officinale (Table 2).
The hydroxyl radical scavenging activity of the MeOH
extracts of the plants was as follows: Asparagus
racemosus > Terminalia chebula > Emblica officinalis >
Centella asiatica > Withania somnifera > Terminalia
bellerica > Glycyrrhiza glabra > Evolvulus alsinoides >
Zingiber officinale > Andrographis paniculata (Table 3).
In the lipid peroxidation assay, vitamin C was used as
the standard and had an inhibition value of 43.24 ±
0.26%. The ability of the MeOH extracts of the plants to
prevent lipid peroxidation is shown in Table 4. The
extracts of Emblica officinalis and Evolvulus alsinoides
were the most effective, with inhibition values of 39.14 ±
2.12% and 36.38 ± 1.34%, respectively, at the 100mg/ml concentration (P < 0.05). The relative percentage
of inhibition of lipid peroxidation by various MeOH
extracts was as follows: Emblica officinalis > Evolvulus
alsinoides > Centella asiatica > Withania somnifera >
Asparagus racemosus > Terminalia chebula > Zingiber

Table 1. Plants used in the present study.
S. No.

Botanical Name

Family

Part used

1

Asparagus racemosus

Liliaceae

Root

2

Andrographis paniculata

Acanthaceae

Leaf

3

Centella asiatica

Umbelliferae

Leaf

4

Evolvulus alsinoides

Convolvulaceae

Leaf

5

Emblica officinalis

Euphorbiaceae

Fruit

6

Glycyrrhiza glabra

Leguminosae

Root

7

Terminalia bellerica

Combretaceae

Fruit

8

Terminalia chebula

Combretaceae

Fruit

9

Withania somnifera

Solanaceae

Root

10

Zingiber officinale

Zingiberaceae

Rhizome
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Table 2. DPPH radical scavenging assay.
Plant name

IC50 value ± SEM (n = 3)

Asparagus racemosus

9.28 ± 0.24

Andrographis paniculata

27.21 ± 1.29

Centella asiatica

17.32 ± 0.31

Evolvulus alsinoides

12.62 ± 0.42*

Emblica officinalis

7.92 ± 0.11*

Glycyrrhiza glabra

28.42 ± 0.43

Terminalia bellerica

19.20 ± 0.27*

Terminalia chebula

14.42 ± 0.24

Withania somnifera

11.28 ± 0.45*

Zingiber officinale

44.48 ± 1.82

Vitamin C

3.46 ± 1.21

*P < 0.05, significance vs. standard (n = 3).

Table 3. Hydroxyl radical scavenging activity.
% Hydroxyl scavenging activity ± SEM
Plant name
5 mg/ml

10 mg/ml

20 mg/ml

40 mg/ml

60 mg/ml

80 mg/ml

100 mg/ml

Asparagus racemosus

9.11 ± 1.2

24.62 ± 1.7

37.62 ± 1.1

45.24 ± 3.3

59.60 ± 2.4

65.66 ± 2.1*

73.41 ± 1.4*

Andrographis paniculata

1.61 ± 0.1

4.69 ± 1.1

8.28 ± 2.3

11.61 ± 1.0

16.24 ± 2.6

21.62 ± 1.2

25.42 ± 1.2

Centella asiatica

8.62 ± 3.3

17.72 ± 1.3

24.42 ± 2.6

39.16 ± 1.1

46.11 ± 2.7

58.51 ± 3.2

68.62 ± 0.3*

Evolvulus alsinoides

2.01 ± 0.1

3.42 ± 0.2

7.81 ± 0.6

11.24 ± 1.4

16.24 ± 1.6

21.21 ± 1.5

30.86 ± 2.3

Emblica officinalis

9.11 ± 2.3

21.42 ± 0.2

39.75 ± 1.4

42.24 ± 1.6

57.11 ± 2.6*

62.42 ± 2.0*

69.28 ± 2.1*

Glycyrrhiza glabra

1.24 ± 1.1

5.31 ± 1.1

11.42 ± 1.7

16.24 ± 1.1

21.68 ± 2.6

27.52 ± 1.0

31.24 ± 1.6

Terminalia bellerica

5.24 ± 1.3

12.28 ± 1.0

19.66 ± 2.6

28.62 ± 1.8

31.72 ± 1.3

36.62 ± 1.6

41.22 ± 1.8

Terminalia chebula

9.21 ± 3.2

21.62 ± 1.0

30.41 ± 2.6

48.24 ± 1.0

52.62 ± 2.1*

65.51 ± 2.6*

72.26 ± 1.3*

Withania somnifera

3.24 ± 1.0

13.25 ± 0.1

20.68 ± 1.3

27.24 ± 1.2

31.60 ± 2.2

38.41 ± 1.4

44.11 ± 1.0

Zingiber officinale

3.24 ± 1.2

6.24 ± 2.5

8.68 ± 1.6

12.40 ± 0.2

17.24 ± 2.3

22.63 ± 2.9

28.27 ± 1.1

11.24 ± 1.0

20.42 ± 1.0

31.71 ± 2.4

39.24 ± 1.6

61.25 ± 2.2

68.12 ± 1.4

80.24 ± 1.2

Vitamin C

*P < 0.05, significance vs. standard (n = 3).

officinale> Glycyrrhiza glabra > Terminalia bellerica>
Andrographis paniculata.
Discussion and Conclusion
In recent years there has been growing interest in the
role of free radicals in cancer, arteriosclerosis, and ageing,
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and their prevention using antioxidants (12). Our attention
has been focused, in particular, on 10 commonly used
Indian medicinal plants. DPPH scavenging activity has been
used by various researchers as a quick and reliable
parameter to assess the in vitro antioxidant activity of crude
plant extracts (13). With the DPPH test the ability of a
compound to act as a donor for hydrogen atoms or
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Table 4. Lipid peroxidation assay.
% Hydroxyl scavenging activity ± SEM
Plant name
5 mg/ml

10 mg/ml

20 mg/ml

40 mg/ml

60 mg/ml

80 mg/ml

100 mg/ml

Asparagus racemosus

2.61 ± 0.6

5.26 ± 2.5

8.42 ± 1.0

11.61 ± 2.7

20.62 ± 2.5

27.22 ± 2.6

31.28 ± 3.8

Andrographis paniculata

1.26 ± 0.4

3.44 ± 1.0

6.24 ± 2.4

11.92 ± 1.5

14.88 ± 1.6

17.28 ± 1.3

22.41 ± 2.5

Centella asiatica

4.04 ± 1.2

8.11 ± 1.2

10.81 ± 1.2

16.42 ± 2.1

21.62 ± 1.9

28.41 ± 2.3

35.64 ± 1.8*

Evolvulus alsinoides

2.28 ± 1.0

10.48 ± 1.6

18.68 ± 1.6

22.61 ± 1.6

28.11 ± 2.3

31.24 ± 2.5*

36.38 ± 1.3*

Emblica officinalis

4.28 ± 1.1

7.72 ± 1.8

12.80 ± 1.2

19.62 ± 1.4

24.26 ± 2.1

30.44 ± 2.4*

39.14 ± 2.1*

Glycyrrhiza glabra

3.68 ± 1.0

8.24 ± 1.2

1662 ± 1.4

19.24 ± 1.5

21.47 ± 1.7

28.26 ± 2.6

28.68 ± 2.7

Terminalia bellerica

3.64 ± 1.1

5.25 ± 1.3

7.52 ± 2.0

12.28 ± 1.6

16.44 ± 1.0

20.21 ± 1.7

24.82 ± 3.5

Terminalia chebula

3.73 ± 0.2

7.91 ± 2.1

11.22 ± 1.0

19.81 ± 2.3

21.62 ± 1.7

25.28 ± 1.3

29.68 ± 2.6

Withania somnifera

3.62 ± 1.1

7.64 ± 1.2

11.90 ± 2.2

18.62 ± 3.21

24.24 ± 2.1

30.81 ± 3.2

32.28 ± 2.2*

Zingiber officinale

2.04 ± 1.7

5.81 ± 1.6

8.11 ± 2.62

12.24 ± 2.24

17.22 ± 1.7

22.21 ± 3.1

29.62 ± 3.2

Vitamin C

4.21 ± 2.1

13.22 ± 1.4

18.26 ± 0.2

21.83 ± 1.2

30.24 ± 2.6

36.68 ± 1.4

43.26 ± 0.3

*P < 0.05, significance vs. standard (n = 3).

electrons is measured spectrophotometrically. Hydroxyl
radicals are the major active species that cause lipid
oxidation and significant biological damage (14). The ability
of the tested extracts to quench hydroxyl radicals seems to
be directly related to inhibiting the process of lipid
peroxidation, and the extracts of Emblica officinalis,
Evolvulus alsinoides, Centella asiatica, and Withania
somnifera seemed to be good scavengers of reactive oxygen
species. The percentage of hydroxyl radical scavenging
increased as the concentration of the extracts increased.
Some variation in the extent of extract antioxidant
activity was observed with each type of assay used in this
study (15). The extracts of Evolvulus alsinoides and
Centella asiatica had good lipid peroxidation activity, but
low hydroxyl radical scavenging activity, while the
extracts of Asparagus racemosus and Withania somnifera
had relatively high antioxidant potential, according to the
DPPH test. These differences may have been due to
different antioxidant mechanisms.
The extracts of Emblica officinalis (fruits), Asparagus
racemosus (roots), Terminalia chebula (fruits), Centella
asiatica (leaves), and Evolvulus alsinoides (leaves), and
some other plants demonstrated good antioxidant activity
according to the various test methods.

The present study compared the antioxidant activity of
the methanol extracts of 10 medicinal plants based on the
results of 3 in vitro assays. The study’s most important
finding is that antioxidant activity measured with the
hydroxyl radical scavenging test was higher than that
measured using the DPPH and TBA methods. The present
results suggest that all the tested plant materials have
moderate to potent antioxidant activity; therefore,
further investigations are necessary to fully elucidate the
in vivo behavior of the studied plant extracts.
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